Abstract Nuclear parity violation is studied with polarized neutrons in the photodisintegration of the deuteron at low energies. A pionless effective field theory with di-baryon fields is used for the investigation. Hadronic weak interactions are treated by parity-violating di-baryon-nucleon-nucleon vertices, which have undetermined coupling contants. A parity-violating asymmetry in the process is calculated for the incident photon energy up to 30 MeV. If experimental data for the parity-violating asymmetry become available in the future, we will be able to determine the unknown coupling contants in the parity-violating vertices.
Recently we considered the neutron spin polarization P y ′ along the directionŷ ′ 1 in γd → np with the pionless EFT [12] , where n refers to a polarized neutron. The neutron spin polarizations along the other directionsx ′ andẑ ′ vanish with only the PC interactions, but they can be nonvanishing with the PV interactions. Interference terms between PC and PV amplitudes can give non-zero contributions to the neutron spin asymmetries.
Here, we report on our calulation of the PV neutron spin asymmetry in γd → np process in terms of the undetermined PV coupling constants in the pionless EFT. We investigate the energy dependence of the asymmetry P z ′ at a few colatitude angles with the photon energies up to 30 MeV. If measurements of the PV asymmetry can be made in future, we will be able to fix the undetermined PV coupling constants in the theory.
PV Lagrangian
A coefficient in an effective Lagrangian, known as a low-energy constant (LEC), is assumed to include contributions from degrees of freedom that are integrated out of a theory. In the pionless theory, because even the pion is integrated out, an interaction is described only by the nucleon-nucleon contact terms with undetermined LECs. In the case of pionless theory with di-baryon fields, we assume that a PV dN N vertex subsumes the PV N N interactions of the integrated-out degrees of freedom. Introducing dimensionless PV LECs h 
where s a (r 0 ) and t i (ρ d ) are di-baryon fields (effective ranges) in the 1 S 0 and 3 S 1 channel, respectively. Spin-isospin operator σ 2 σ i τ 2 τ a with the operator (i∇) in Eq. (1) 
3 Neutron spin polarization with PV interaction
In Figure 1 we show the leading-order diagrams for the PV γd → np process. From the sum of all the amplitudes, we can obtain the transition amplitudes involving the PV interactions. For the polarization of the neutron along an axisn, we introduce the spin-isospin projection operator
Inserting the projection operator in the spin-isospin summation of the squared amplitude, we obtain 
where S is a symmetric factor S = 2. Following the conventions given in [11] , we have the incoming photons alongk = (0, 0, 1), relative momentum of the nucleons alongp = (sin θ cos φ, sin θ sin φ, cos θ), and the neutron spin polarized alongn =ẑ ′ (=p). Imf (pv1), Imf (pv2), Imf (pv3) and Imf (pv4) are the interference terms of PC and PV amplitudes. Because the explicit expressions of these quantities are lengthy, they will be given in a forthcoming article [13] . The terms X MV , X MS , X E , Y MV , Y MS and Y E in Eq. (5) are the same as those in Ref. [12] .
The neutron spin asymmetry along theẑ ′ direction vanishes only with the PC interactions, but, as mentioned before, it can be nonvanishing in the presence of the PV interactions. We obtain the PV neutron spin asymmetry P z ′ for γd → np as
where σ ± (θ) are the differential cross sections with the spin-isospin projection operators P ± . Figure 2 shows our results as functions of the photon energy E lab γ at θ = 30
• , 60
• , 90
• . Because the LECs h Fig. 2 shows a 0t , a 0s and a 1 as functions of the photon energy. The angle dependence of the curves for a 0s and a 1 shows similar features; as the angle increases, the dependence on the incoming photon energy becomes small. However, the curves of a 0t do not have angle dependence. This is because cancellations between E1 and M1 contributions make the result nearly angle independent. More detailed analysis will be reported in our forthcoming paper [13] . Another notable point is that the magnitudes of a 0t , a 0s and a 1 are similar in the energy , and π-exchange interaction corresponds to h 1 d . Thus our results on P z ′ in this work seem to suggest that the coefficients of the ρ-and ω-meson exchange contributions will be similar to the ones by the π-exchange in the DDH potential. Therefore the calculation with DDH potential will provide a counter check of the results in the present work.
Summary
In this contribution, we have considered the γd → np process with the pionless EFT employing the di-baryon fields. We have calculated the PV neutron spin asymmetry P z ′ as a function of the photon energy up to 30 MeV. Our results could be useful to fix the PV dN N LECs appearing in the pionless PV Lagrangian.
